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ABSTRACT D
The present experiment examined how 24-hours in different housing

conditions could effect the longevity of male and female C3H/HeN mice exposed
to 8.0, 8.4, and 8.8 Gy 6 0 Co radiation at a dose rate of 0.40 Gy/minute.
Housing conditions had a significant effect on the longevity of mice, as did

gender and Gy level. Normal housed male and female mice (i.e., 10 mice per
large 15800 cm3 cage) lived longer than did mice housed in isolation (i.e., one

mouse per similar cage). Female mice exposed to 8.0 Gy and housed in either

a social crowded (i.e., 10 mice per small 1580 cm 3 cage) condition or a social
spatial (i.e., mouse per 3 cage -- placed side-by-side in aand sailcrowded (ie,1 muepr158cm ag--pce i-bsd na

.1- 2x5 matrix) condition lived longer than did either normal or isolated female

V mice. The housing effect was so pronounced for female mice that 30% of the
.020. mice in the social crowded condition and 60% of the mice in the social and

U,8*., spatial crowded condition survived the supra-lethal 8.0 Gy dose. Female mice in

I .~ the social and spatial condition lived 34% longer than did female mice housed in
isolation. Overall, female mice lived 20% (+-- 5%) longer than did male mice.

""I5"6' Male mice housed in the social crowded condition lived on the average 23%

-, (+/- 7%) longer than male mice housed in isolation. Male mice housed in the
spatial crowded condition lived on the average 18% (+/- 7%) longer than male

mice housed in isolation. Male mice in the 8.0 or 8.4 Gy condition lived an
average of 35% longer (+/- 5%) longer than male mice in the 8.8 Gy condition.
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INTRODUCTION

This study examined the survivability of C3H/HeN mice housed in different

ways after exposure to ionizing radiation. Mice were held in several distinct

housing conditions for 24-hours after exposure to 60 Co gamma photons. A 8.0

Gy supra-lethal Gy exposure of 60 Co was not lethal for 60% of social and

spatial crowded mice (n=1 mouse/158 cm 3 cage placed side by side in a 2x5

matrix, See Figure 1) or 30% of social crowded (n=10 mice/1575 cm3 cage)

female mice. In addition, mice housed in a social crowded condition (n=10

mice/1575 cm cage) lived 30% longer than isolated mice (n=1 mouse/16573

cm3cage).

According to a 1987 National Research Council (NRC) report I on space

biology and medical science habitability issues have been and will continue to be

important for successful space travel. The NRC report states that living

quarters will be crowded during space exploration. Consequently, the possibility

of long-term occupancy of space vehicles by humans will depend on the effective

design of space habitats. Specific high priority research areas that were

identified by the NRC report includes environmental factors, such as the

influence of variations of architecture during occupancy, stressful conditions (and

their amelioration), and sensory deprivation.

Environmental factors, such as crowding 2 '3' 4 , isolation5 '6 ' 7 , and ionizing

radiation 8 are all recognized as stressors that normally occur in nature in

varying degrees. Typically, environmental stressors such as crowding or isolation

require the organism to perceive the situation as being stressful before the

cascade effects of the stress response are activated9 . Ionizing radiation is a

unique environmental stressor. Irradiation can occur without the organism being

initially aware of it or of the immunosuppressive, hematopoietic insult and

collateral tissue damage associated with this physical toxin. Of interest to

medical personnel, scientists, astronauts, and submariners is the linkage between

altered housing conditions, immune functioning and the hematopoietic cells. Of

further interest to these professionals is that exposure to ionizing radiation also

has a damaging effect on the hematopoietic system. The combined stress of an

adversive housing condition and exposure to ionizing radiation could suggest, that
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decreased longevity might occur, if mice were exposed to these multiple stressors.

This study examined how housing conditions alter the radioresistance

(survivability of) C3H/HeN mice.

Gamma Radiation

Previous investigations regarding the concomitant influence of certain

environmental factors on the longevity of rodents exposed to Cobalt-60 gamma

radiation dates back to the late-1950's and mid-1960s. Kirby 10 demonstrated

that if isolation was carried out for a prolonged period it resulted in profound

psychological and physiological changes. Grahn et al., 1 1 examined the influence

of cobalt-60 radiation, environmental factors, and gender on life shortening in

C3H/He mice. Subjects were followed throughout their entire lifespan while they

were being exposed to radiation. These life-time studies of radiation injury

indicated an unusual sensitivity to the cage environment expressed as a

modification of life expectancy. The investigators examined mice of both

genders, housed in either an isolated (n=l) or a crowded (n=3) cage (i.e., cage

size was 50 cm 3 ). Longevity results indicated statistically significant dose and

cage effects along with a small gender effect. Specifically, female mice outlived

males, control mice outlived experimental mice, and crowded mice (i.e., trios)
outlived isolated mice.

Sacher and Grahn 1 2 extended this work and reported on the importance of

environmental factors in survival studies, emphasizing that small differences in

housing parameters can influence survival outcomes. Other research by Lesher 1 3

used 100-day old C57 (LAF1) mice. His mice were housed three to a cage.

Sex differences in survival time following life-time exposure to the same amount

of gamma radiation, were also noted, with female mice surviving longer than

male mice. Previously, a review of the radioresistance of females was reported

by Grahn 14 across several inbred mouse strains. Sacher and Grahn 1 2 found

that at low doses and dose rates, the sex difference tended to first appear at

about 18 days, and be maximal between 25 and 30 days after exposure, in all

the strains they had studied.

Vogel et al., 1 5 used 100 day old CF#1 female mice. The mice weighed

between 20 and 28 grams, were housed 8 per cage (i.e., each mouse had access
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to 1000 sq. cm. of space), and exposed them to gamma radiation (i.e., dose rate

between 8-12 r/min and a total dose of 8.1, 9.4, and 10.4 Gy) and found that

the mean survival time was 357.6 hours (i.e., 14.9 days) for the lower total dose

and 326.4 hours (i.e., 13.6 days) for the two higher doses. Ainsworth et al., 16

used 3-4 month old CF#1 female mice weighing between 22-28 grams, housed

10-12/cage (i.e., no dimensions were provided for the housing condition), and

exposed them to Co-60 gamma radiation (i.e., 775-821 rada) at a do.e rate of

100 rads a minute. He found that mean survival times of these normally

housed mice were 302.4 hours (i.e., 12.6 days). However, different times to

death would be expected between these two studies given the different biological

effects associated with the varied doses, dose rates, and housing conditions.

More recent literature addressing the importance of housing conditions and

environmental factors can be found in the Guide for the Care and Use of

Laboratory Animals 1 7 manual published by the National Institute for Health, the
Jackson Laboratory handbook 18 on genetically standardized mice, and a book by

Festing that reviews the unique susceptibility of species to environmental
alterations. These documents are consistent with previous research and all

concur that small alterations of environmental factors can influence experimental

outcomes. Specifically, altered housing may result in different experimental

findings across laboratories and across (or within) species.

CROWDING

Laboratory research, using animals, has demonstrated that environmental
stressors can alter immune function2 0 '2 1 '2 2 . Depending upon the intensity and

the context in which environmental stressors (e.g., isolation or crowding) occur,
23124can ameliorate or exacerbate the organism's stress response '2 . This research

supports the importance of housing conditions in the maintenance of the health

of rodents and other animals. Several animal studies 25,26,27 have altered
housing conditions in an attempt to determine longevity differences. An early

study by Andervont 2 8 housed female mice with a genetic predisposition for

mammary tumors in either isolated, or group (i.e., 8/cage) conditions. He found

that isolated housing resulted in decreased survivability (mean = 9.6 months)

compared to group housed mice (mean = 11.9 months). He also reported that

ninety-eight percent of the isolated mice developed mammary tumors, whereas
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only eighty-percent of the group housed animals developed tumors. These
empirical findings suggest that the manipulation of housing mice in isolation

impeded their immune functioning (i.e., enhanced tumor development) and

reduced longevity.

Edwards et al, 2 5 has also demonstrated that mice housed in continuous
isolation had significantly higher antibody levels than group housed mice or mice
transferred from an isolated environment into a group housed environment.
Boranic et al., 29 examined the immune responses to mice placed for one week in

an overcrowded (n=20/cage) condition or a group housed (n=5-6/cage) condition.
Immune responses were measured by colony formation of bone marrow stem
cells. The overcrowded mice had suppression of colony counts in vitro. These
results suggest differential housing, effects the generation of hematopoietic cells.
Research by Rabin 2 7 has extended our knowledge regarding the responsivity of
the immune system to environmental stressors, such as altered housing
conditions. Rabin 30 found that the C3H/HeJ male mouse, when changed from
group housing (n=5) to one animal per cage, had enhanced T cell related
immune function. Female C3H/HEJ mice did not show this effect. Rabin also
showed that individually housed male animals were significantly more resistant to
infection than group housed (n=5) mice. Specifically, mice in the isolated
condition required approximately 2.5 times more of the Candida Albicans
organism to infect 50% of the kidneys compared to the group housed mice

(n=5). The time course of this enhanced resistance (to pathogens) is present
approximately 10 days after being placed in isolation (i.e., 1 per cage) and lasts
approximately 3 weeks 3 0 . He concludes that the immune system responsiveness
appears to be related not only to the number of mice housed per cage (i.e., 1
vs 5), but also to gender and other environmental factors. Landauer 3 1 used C57

mice and found that group housed irradiated mice did not survive as long as
irradiated isolated mice. However, this mouse strain is known for its aggressive
combatant tendencies when it is group housed with others (Jackson Laboratory,
1988). Thus, deaths due to combat are likely to have contributed to his

findings.

Coe et al., 32 ,33 showed that levels of antibodies circulating in the
bloodstream, generally thought to change only in response to immunizations,
disease or drug treatment, can be strongly influenced by housing conditions, such
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as isolating infant monkeys from their mothers (In Press). Coe3 4  studied the

antibody response to viral challenge in 6-month old monkeys that had been

removed from their mothers for 7-day periods in different separation

environments. He demonstrated that monkeys housed individually in unfamiliar

cages showed significantly reduced antibody levels. However, those monkeys that
were housed with three or four familiar companions in their home cages mounted
normal antibody responses. Thus, environmental factors, such as housing
conditions also affect other species, including primates.

Laboratory experiments3 5 , field studies 3 6 ' 3 7 , and operational experience 3 8 '3 9

have all shown that altered housing conditions affect human behaviors 1 ,4 0 ,4 1
9. ,40,42.434

perceptions ' , neuroendocrine functioning 4 3 '4 4 , and immune system
6,44performance . Results of altered housing conditions from submarine cruises

consisting of a 40-man crew showed a "definite increase in feelings described as
irritability, annoyed, feel like giving up, bored stiff, uncomfortable, and
frustrated3 8 . Other studies from Polaris submarine 60-day missions reported that
submarine personnel were treated for depression, headaches, and insomnia. The
crew also viewed their lack of privacy, from crowded conditions as a problem

and reacted by using vulgar language, joking, and establishing pecking
orders4 1 '4 5 '4 8 . Simulation studies have found that prolonged isolation causes
increased irritability and hostility with accompanying decrements in psychomotor

40skill performance, memory, judgement, and learning abilities

Recently, Stefania Follin, a 27-year old woman spent a record 130 days
isolated in a New Mexico cave. The major findings of this study were that she
lost track of time, worked approximately 22-hour days, experienced a weight loss
of 17 pounds, and a cessation of menses 4 7 . In addition, during the weeks of

her stay, she experienced bouts of irritability, and periods of withdrawal from
her daily regime. Other isolation studies report periods of depression, mood
swings and irritability associated with crowded conditions74248 Parker et

al., 4 9 reported that a reduction in crowding (i.e., more volume per man) is
needed as a function both of increasing time and increasing crew size. If
optimum habitability is considered the goal, design requirements for long-duration
missions should be based on 600-700 cubic ft/man, with 350-400 cubic ft/man

49 50considered adequate . Stuster 5 0 further describes that the space available for
sleeping should be aproximately 84 cubic feet (e.g., 3'x4'x7'), while Taylor 51
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offers a modular approach to managing the crowded conditions on future space

flights.

A subjective report of what cosmonauts think about working in crowded
conditions aboard the Soviet space station Mir have implications for future space
travel. A UPI news release 5 2 reports that Vladimir Shatalov, a former
cosmonaut and now Chief of cosmonaut training said the next manned mission
to the Mir will depend upon when one, of two, new promised modules will be
ready to relieve crowding on the station. He reports, "It's hard to live up there

in the station now because it is stuffed with equipment". Ten years prior5 3 to
this press release, two cosmonauts, Popovich and Artillkhin reviewed the space
craft designs of the Vostok, Soyuz, and Salyut space capsules in which they had
flown. They concluded that increases in cabin space (i.e., a reduction of
crowding--social and spatial) were necessary in order to accommodate more
complex missions and to enhance social and psychological harmony between
cosmonauts. Thus, numerous authors 4 g,5 0 ' 51,52,53,54 concur on the importance
of space station habitability issues (i.e. space station design) in the maintenance
of social harmony during long-duration space flights.

Another example of how housing conditions are important to a human can
be found from an accident at a waste treatment facility located near Richland,
WA 55 . A human male was seriously contaminated with 2 4 1Am while recovering
waste material. During his recovery it was revealed that housing considerations
were "very" important aspects of his treatment regime. The post-incident care
and rehabilitation process associated with accidents involving irradiation involve
an unusual degree of emotional trauma 5 Brovn emphasized the importance of
ensuring that the patient was not housed in isolation. In cases of radionuclide
contamination, it may not be possible for physical touching to occur immediately
following the accident. However, the psychosocial comfort to the patient that
accompanied the mere presence (i.e., sight and sound) of family members was an

55important factor in his initial recovery . As the patient recovered, it was
deemed necessary to move the patient out of the sterile clinical housing
environment into a transition house trailer located next to the clinic. The
patient, visitors and friends, and the family dog, occupied this facility to avoid
the isolation stress associated with the sterility of the clinical setting. The
enriched (i.e., nonisolated) housing environment was deemed ,n important part of
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the patient's recovery by members of the treatment team, including the

psychologist, medical, and radiation-monitoring personnel (Brown, 1983).

Future work is required to assess the short-term and long-term immune

system differences reported, across genders, of isolated or group housed animals,

with or without irradiation. Mouse studies using gamma radiation have

traditionally measured time to death differences that resulted from different

manipulations of doses or dose rates, different ages, genders, species, and one or

two different housing conditions. What is needed is a study to demonstrate how

dramatic the longevity effects may be from similarly handled mice exposed to

several altered housing conditions. By studying the mortality of irradiated mice

in different housing and dose conditions, we may overcome some of the

extrapolation difficulties associated with attempting to generalize from the results

of several previous studies that used t multitude of different end

points 0  The gamma irradiation studies cited

earlier have examined the environmental stressors of isolation and group housing.

The preponderance of the published literature strongly suggests that being housed

in isolation results in quicker mortality than occurs in group housed animals.

Previous longevity research has only addressed varying degrees of either

"isolation" and/or "normally" housed animals, across numerous spccies (and
strains) without achieving equivocal consensus. The following experiment sought

to systematically investigate the differences in survival time of male and female

C3H/HeN mice exposed to five different housing conditions exposed to three

doses of supra-lethal radiation.

METHODS

In the present study we measured the time to death of irradiated mice in
five different housing conditions. The housing conditions were: isolated (n=),

normal housed (n=10/cage), social crowded (n=10/small cage), spatial

crowded, (n=l/very small cage), or social and spatial crowded (n=1 mouse per
very small cage placed flush against each other in a 2 x 5 matrix (see Figure

1). Spatial crowding refers to a condition of being constrained due to

physical boundries (i.e., very little available space) vs social crowding that
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results from aiL over abundance of animals per unit area. Mice in each housing

condition were exposed to one dose of supra-lethal Co-60 radiation (i.e., 8.0, 8.4,

or 8.8 Gy) administered at a dose rate of 0.40 Gy/min. The procedural

sequence of this experiment was: approximately 8-week old male and female

mice were irradiated in well ventilated acrylic containers. Mice were then

immediately transferred to their respective housing containers, following a quasi-

random (i.e., mice were not rehoused with mice from their pre-experimental

housing group) procedure, where they remained for 24-hours. In all cases, mice

were never returned to their home cages and were always segregated by sex.

Every housing container used in this experiment was well ventilated and had

food, bedding, and acidified water (pH 2.5) available ad libitum. Mice were

housed in an AALAC-approved animal care facility and were kept on a 12 hour

day: 12 hour night cycle with no twilight periods. The temperature in their

room was a consistent 21 degrees centigrade (+/- 1 degree), the humidity was

60% +/- 10 %, and the air was changed approximately 10 times every hour.

Following the 24-hour housing manipulations, mice were transferred to a

standard, commercially available, polycarbonate mouse housing container (45.5

cms long x 23.5 cms wide x 15.5 cms in height), where they were housed 10
mice/cage for the next 29 days (or until they died). In order to be consistent

with other longevity studies, mice in the isolated condition, were housed

individually in the standard sized containers, following their 24-hour residence in

the smaller isolation (i.e., spatial crowded) container. Tho hard-wood

bedding in all of the mouse cages was changed twice weekly. Mice were all

handled the same number of times across all the housing conditions. Consistent

with historically established procedures, mortality measures were recorded twice
11,12

daily

Upon arrival, mice were housed in groups of ten using a commercially

available plexiglass mouse container, quarantined for 2-weeks, and examined for

serology, and histological anomalies, while acclimatizing to their surroundings.

Mice were housed on hardwood bedding. A commercial well-balanced mouse

chow and acidified pH 2.5 water was available ad libitum. Acidified water has

been shown to be effective in inhibiting the multiplication of Pseudomonas

Aeruginosa, the bacteria responsible for the early mortalities following irradiation

of rodents harboring this organism.
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The U.S. Department of Health and Human Services Guide for the Care
and Use of Laboratory Animals (1985) recognizes that; "Special housing
provisions are sometimes necessary for unusual laboratory species such as those
with unique metabolic or genetic characteristics or special behavioral or
reproductive requirements" (p. 13). Furthermore, this publication also recognizes
(p. 13) that; "Population density [crowding] can affect reproduction, metabolism,
immune responses, and behavior (Lindsey et al., 3 . Consequently, this
experiment was consistent with NIH guidelines, which recognize and sanction the
manipulations of this research methodology (i.e., a special behavioral requirement
-- isolation, and different types of crowding).

The housing containers used during the 24-hour housing manipulations were
purposely constructed to be of different dimensions. The dimensions of the
spatial crowded, and social and spatial crowded housing containers were 8.6
cms long x 4.5 cms high x 4.1 cms wide. Mice in the spatial and social
crowded conditions were individually crowded and housed together in one of 10
individual containers placed beside each other in a 2 x 5 arrangement (see
Figure 1). Mice in the social crowded condition were group crowded and
housed together in one container that was 20.0 cms long x 4.5 cms high x 17.5
cms wide. Thus, in all three of the crowded (i.e., social crowded, spatial
crowded, or spatial and social crowded) conditions, each mouse had access to
the same amount of total space (i.e., total space/number of mice). The

dimensions of the social crowded container were 10 times as large (i.e., to house
10 mice) as the spatial, or social and spatial crowded containers, which
housed only 1 mouse. I The noncrowded housing containers were the standard,

commercially available mouse housing containers described previously.
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RESULTS

GENDER EFFECTS

The results of this study demonstrate gender differences associated with the

5 housing conditions and 3 radiation dose levels. A two-way ANOVA between

genders and housing conditions within the supralethal 8.8 Gy condition revealed

a significant main effect for gender. On the average, female mice lived 20%

(+/- 5% longer (mean = 348.7 hours) than did male mice (mean = 290.4 hours)

(F = 19.69, df = 1, 135), p<.001.

MALES: HOUSING X DOSE

A two-way ANOVA between the radiation doses and the housing conditions

of male mice revealed a significant main effect of dose (F = 31.21, df = 2,

135), p<.001. Male mice in the 8.0 Gy or 8.4 Gy conditions lived an average

of 35% (4-/- 5%) longer than male mice in the 8.8 Gy condition (see Figure 2).

This analysis also revealed a significant main effect of housing. Male mice

housed in the spatial crowded condition lived on the average 18% (+/- 7%)

longer than male mice housed in isolation. Male mice housed in the social

crowded condition lived on the average 23% (+/- 7%) longer than mice housed

in isolation. Although the average longevity times of male mice between the

two lower doses were not significant, different radiosensitivities were noted

between housing conditions (Figure 2).

FEMALES: HOUSING X DOSE

A two-way ANOVA between radiation dose and housing of female mice

revealed that female mice in the 8.0 Gy condition survived significantly longer

than female mice in the 8.4 Gy or 8.8 Gy conditions, except for the one

condition noted below (See Figure 3). Newman-Keuls multiple test comparisons

revealed the specific differences in longevity of female mice in similar housing

conditions across doses of gamma radiation. Across all conditions, only one

exception existed to the 8.0 Gy mice surviving significantly longer than mice in
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either the 8.4 or 8.8 Gy condition. The survival time of the female mice in the

8.0 Gy isolated housing condition remained significantly (p<.05) different from

the survival time of female mice in the 8.8 Gy dose, but not from female mice

in the 8.4 Gy dose of the same condition.

Further Newman-Keuls multiple test comparisons by housing conditions

within the 8.0 Gy dose revealed that female mice in the social and spatial

crowded condition (mean = 592.8 hours) or social crowded (mean = 555.6

hours) conditions survived significantly longer (p<.05), than female mice in the

normal housed/social uncrowded (mean - 466.9 hours), spatial crowded

(mean = 443.6 hours), or isolated (mean 389.7 hours) condition. The

housing effect was so pronounced, that for 60% of the mice in the social and

spatial crowded condition, and 30% of the mice in the social crowded

condition, the supra-lethal 8.0 Gy dose was not lethal. In fact, the housing

effect of enhanced radioresistance was so pronounced that mice in the social

and spatial crowded condition lived 34% longer than did mice housed in

isolation.

DISCUSSION

In order to generalize from animal research to humans, it is important to

demonstrate the similarity of responsivity to the same environmental stressors.

Studies of humans also show evidence that isolation 7 and crowding 9,57 are

stressful life events. Other, human research links stressful life events with
24immune changes . For example, several researchers have reported an

association between the loneliness and "isolation" of spousal bereavement and

decreased lymphocyte function 6 ,24 ,58'59. Kiecolt-Glaser et al.,6 and Hall2 4 report

that medical students and psychiatric patients that reported a high degree of

"isolation" and loneliness exhibited immunosuppression.

The stress resulting from altered housing conditions is viewed here as one

of many intraorganism variables moderating the relationship between

environmental stimuli and behavioral responses (i.e., longevity). The chain of
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events between environmental modifications of housing conditions and behavioral
responses contains many intervening links. Previously mentioned animal and
human research has demonstrated that these linkages include the neuroendocrine
and immune functioning, as well as behavioral well being. The enhanced
radioresistance and longevity of mice in certain housing conditions could be due
to the nature of the stress-inducing stimuli, being less stressful in some
conditions than in other housing manipulations. The selective susceptibility of
mice in certain housing conditions to irradiation has contributed to our ever
increasing knowledge regarding multiple-stressors (i.e., environmental stimuli and
radiation doses) and their powerful effects on longevity.

Just as hardware is tested and optimized for its missions function by
careful analysis of weaknesses, so the development of human habitability can be
maximized to give the crewmembers the best possible edge on success. The
Soviet space program has recognized that habitability issues aboard their space
station Mir are directly linked to the success of long duration space flight.
Environmental stressors, such as crowding, isolation, and exposure to ionizing
radiation will continue to occur in varying amounts and durations in future
space exploration. For example, during previous space flights, personnel aboard
Skylab 4 and Salyut 6, Expedition IV, received the following dose/dose rates.
Skylab personnel (i.e., Carr, Gibson, & Pogue) received approximately 5.03 rads
(0.060 RAD/Day)6 0 '6 1 . Cosmonauts (i.e., Popov and Ryumin) on Salyut 6,
Expedition IV received 2.70 rads (0.015 RAD/Day) 0 . (Note: The original
articles reported their findings using rads and no attempt was made to convert
their data).

Due to the exotic nature of space flight, occassions will arise where fear is
the appropriate response. Fear manipulations are known to be affected by

roet6 2 advis 6 3
differential social housing in rodents and avians6 . Crowding is recognized as
being an integral part of the spaceshuttle or future space stations 50 ,5 1 ,54 .

Isolation will occur during extra-vehicular activity (EVA) (i.e., space walks) or
working in a remote area of the space station5 3  . The effects that varying
doses of ionizing radiation would have on various housing conditions, including
crowding or isolation, across genders, remained largely unknown prior to this
experiment. This study has expanded our knowledge, using an animal model,
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regarding the types of housing conditions on future space stations. We suggest

that future habitability research could benefit by using the same animal model.

SUMMARY

This study examined the longevity of C3H/HeN mice across 5 different

housing and three different dose conditions. Previous studies typically examined

only 2 altered housing conditions (i.e., isolation or social crowding). These

multiple environmental stressors were selected since submariners are, and future

space travelers will be, exposed to these housing conditions during their work

and rest periods. Since no research existed which addressed these environmental

stressors, we sought to quantify the impact of isolation, crowding and ionizing

radiation. We have conclusively demonstrated that environmental

manipulations (i.e., altered housing conditions), for only 24-hours can

significantly increase the radioresistance of mice exposed to supra-lethal Co-60

gamma radiation.

These dramatic radioresistant effects revealed that a 8.0 supra-lethal Gy

exposure of Co-60 was not lethal for 60% of social and spatial or 30% of

social crowded female mice. Mice in the social and spatial crowded condition
lived 34% longer than did isolated mice and 21% longer than normally housed

irradiated mice. Also, mice in the social crowded condition lived 30% longer

than isolated mice and 16% longer than normal housed mice. The here-to-
fore unstudied housing conditions had a dramatic effect on enhancing mouse

radioresistance, or mouse radiosensitivity (i.e., longevity times), even though

the mice were handled the same number of times and were only in their unique

housing manipulations for only 24-hours. In addition, we demonstrated main

effects for gender, and dose. Female mice were more radioresistant than male

mice. A dose effect was also present within genders. 8.0 Gy male mice

survived significantly longer than 8.4 Gy or 8.8 Gy male mice and 8.8 Gy
female mice lived significantly less than 8.4 Gy or 8.0 Gy female mice. This

study extended our knowledge of this species to include supra-lethal Gy doses

and multiple housing conditions using survival time as the endpoint. Data

indicate the importance of including environmental and biological interaction

phenomena in ionizing radiation studies. We have shown the C3H/HEN mouse

to be particularly radioresistant or radiosensitive depending upon their housing
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condition. Future radiobiology or housing reseaarch would benefit from having

the authors clearly state their animal's housing conditions prior to, during, and

following their research manipulations.
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